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1.0 Intreduction
The primary goal of the processing, data reduction, and scientific
analysis of solar wind data obtained from the M.I.T. experiments on

SOLRAD 11A and 11B, was to provide real-time solar wind parameters to '

DOD users. The secondary goal was an extraction of detailed parameters
u describing the solar wind in the magnetosheath as well as in the
i interplanetary medium. It was hoped that special attention could be
1
|

given to periods of special scientific interest and that the high time

resolution mode of the instrument could be used to advance our knowl-
edge of the nature of magnetohydrodynamic processes in the solar wind.

In particular, the first month of operation seemed to hold special

promise for interesting physics since the two SOLRAD 11 spacecraft were
close together as they orbited Earth. An additional hope was that the

m

3 high time resolution data could be used in combination with radio ’

scintillation measurements to find the source of fluctuations in the

wind which caused the scintillation phenomenon. :
Most of the anticipated outcomes were partially achieved; but as '

will be discussed below, the potential of the experiment could not be i

fully exploited. 5
2.0 Real-time data

Preparations were made before launch for a rapid analysis of the

real-time data and calculation of the velocity, density, temperature,
and flow direction of the interplanetary wind. These parameters were
to be sent in close to real time to NOAA where they were to form a
portion of the SELDADS data base. The effort got off to a very slow
start: the programs prepared by M.I.T. were ready; but the cut in

funding at NRL had reduced their staff to such a point that cperational
matters had to take precedence over data analysis. Although SOLRAD was -
launched on March 14, 1976, there remained several months before the
problems at NRL were cleared up. The data were finally sent to NOAA in
1977, and the problems at NCAA were not solved until late in 1977. In
the intervening period, the data system had begun to scramble our data
by rotating the sequence of bits which represented a complete spectrum.
A good portion of our effort at M.I.T. was expended in decoding the

. - T e e e — e
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rotated data and developing an analysis system which could retrieve the
data in most cases. That program was sent to NOAA where it began to
function normally. NOAA itself was plagued with a severe funding
shortage and much to do. SOLRAD had a low priority late 1977. The
interaction with NOAA required our clarifying the data sequence from
NRL for them. At long last thec whole system worked. Meanwhile, SOLRAD
11A had failed totally in an eclipse.

3.0 Detailed analysis of data

The full description of this process and the scientific results
are contained in a S.B. thesis by Michael Herrera. The thesis is
included in this report as Appendix A. Briefly, he describes the
detailed analysis process and presents results from different regions
around the earth. The determination of the parameters of the dis-
tribution function in the magnetosheath is of considerable interest.
The solar wind interaction is of considerable interest. The solar wind
interaction with Venus can be characterized in a similar way. (Shefer
et 21,, 1979).

4.0 Periods of specified scientific interest

SOLRAD solar wind data analyzed at M.I.T were available more
rapidly than those from other spacecraft. They were used for diverse
purposes.

In August of 1976, the third section of the Skylab workshop on
coronal holes was held in Boulder, Colorado. Good correlation had been
established by the M.I.T. and American Science and Engineering groups
between high-speed solar wind streams and equatorial coronal holes
viewed in soft x-rays. Solar minimum appeared to be in 'progress as
Judged from the absence of optical and UV coronal features. It was
SOLRAD data which showed the continuing presence of a high speed stream
and, hence, showed that the relationship to coronal processes was more
subtle than had been assumed.

The relationship between coronal holes and the solar wind was
studied in more detail in the paper by (Nolte et al., 1977) in which
SOLRAD and IMP solar wind observations were used in comparison with
x-ray coronal images to show that high speed streams were very much in

evidence despite a very quiet corona. The authors concluded that




either coronal holes were not the sources of all recurring high-speed

solar wind streams or that there was a change in the appearance of
regions which gave rise to the open magnetic field line configuration
thought to promote the emergence of high-speed streams. The same
observations were reported at the American Geophysical Union Spring
Meeting (Sullivan et al., 1977).

The SOLRAD data were also of considerable assistance in estab-
lishing a cross calibration between the Voyager 1 and 2 solar wind
instruments, which had a ten per cent uncertainty in calibration, and
the SOLRAD instrument, which was calibrated to » three per cent.

5.0 High-time resolution and close spacecraft data

A great disappointment in the progress of" this work is that we
were unable to exploit these two features of the mission. The reason
is a mixture of lack of personnel and data. It should be clear that a
good deal of our effort was expended developing an algorithm to correct
the data. - Furthermore, the amount of high-time resolution data was
quite limited since we did not wish to (nor were we allowed) to preempt
time from other experimenters for our special data mode.

In practice, that meant that the high-time resolution data are
only available near the end of the SOLRAD 11B lifetime when all the
other operational problems of the spacecraft settled down. We cer-
tainly cannot object--it is clear that the limited funds available at
NRL forced an heroic effort to keep the spacecraft alive at all.
Nevertheless, there is still potential for good physics in the data
that are available.

The data from the two SOLRAD spacecraft taken when they were near

to one another are also potentially valuable, but far from complete as

shown in Table 1.

B ——— SRS




<l Iable 1

Data Received at M.I.T.
Year Day Pass
1976 Experiments not turned on
2 84 - 89 7 - 11 S/C close together
missing (tapes available at NRL)
i 177 - 274 82 - 160
E 275 - 161 -~
‘: 1977 - 05 - 238 11B S/C timing circuit failure
missing
‘: 97 - 116 312 - 327 Experiment on 11A failed - Day 116
§_ 11B Data bad, Day 133
i 11A s/C failed, June 1977
[‘ missing
K 236 - 255 424 - 439
E missing
i 296 - 13
1978 - 20 - 543
30 - 59 552 - 575

Only four days of close data had been received by eaily 1979,
therefore, we had no opportunity to explore the potential of the data
though they are available in principle.
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CHAPTER ONE ' C
i INTRODUCTION TO SOLRAD
E Our earth's magnetic environment offers an ideal opportunity
E for the study of a collisionless shock in a plasma. With a long mean
E free path and relatively long Debye length, of about ten meters, of the

plama surrounding our earth's magnetic field, a satellite is an ddeal
probe for surveying the characteristics of this plasma. i
The following diagram illustrates the basic magnetospheric regions

about the earth and its interaction with the solar wind. |

ERE LY

(diagram taken from Vasyliunas)

. The solar wind is a stream consisting of protons and alpha

particles flowing from the sun. It reaches the earth with an average - i%
velocity of around 400 km/s with a density of about 10/cc.

The magnetopause is the boundary oﬁ'thé earth's magnetic field.
It is located at a distance where the pressure duc to the solar wind O

is balanced by the magnetic field pressure. The density inside of the

mngnetopnusé boundary is mucﬁ lcss than that found outside of it as

-10- |
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the magnetic field is generally impermeable to the plasma flowing past it.
Since the solar wind is hypersonic at the earth (with Alvén wave

speed on the order of 50 km/s), a detached shock wavé exists upstream

from the magnetopause. This marks the outer boundary of the magnetosheath.
The magnetosheath is qualitatively very different from the solar

wind. A collisionless mechanism at the bowshock raises its temperature

and density to values considerably higher than the solar wind. The bulk

velocity is reduced and its angle shifted. Also, there exists the

phenomenon of a high energy tail in the magnetosheath spectra that differ

from the Maxwellian nature of the solar wind spectra.

Experiment #15 aboard Solrad 11A and Solrad 11B détects ions and
electrons of plasmé in the solar wind and magnetospheric regions.
fhese satellites orbit in a plane close to the ecliptic at a geocentric
distance of 20 earth radii. They spend approximately equal time in the
solar wind and in the magnetosphere. :

The two satellites were launched simulténeously and remained
close together initially but were later separated by 180° so that one
spacecraft is always in the solar wind. This also enables more complete
tracking by tracking sites in Blossom Point, Virginia and in the Arcetri
Observatory, Italy, the latter of which has only one antenna.

This report is a record of ongoing research at MIT's Center for

Space Research.
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CHAPTER TWO ; .

INSTRUMENTATION - THE FARADAY CUP

At the heart of MIT's plasma experiment is a Faraday cup. It is

comprised of a modulated grid situated between an aperture and a collector

plate in a cylindriczl package that points to the sun. The grid
modulation selects the differential energy window from which the average
value of the distribution function is calculated. This value is a function 5

of the amount of current striking the collector plate and the width

of the energy window.

aperture

trisected collector plate

the faraday cup ]

The voltage on the modulated grid is a 500 Hertz square wave thaé
alternates between two voltages referred to as VHI and VLOW. The DC
current from the collector is caused by positive ions with an energy
per‘unit charge associated with Vz. the z - velocity component, that
is greater than thg instantaneously impressed voltage on the grid.
The difference in absolute current from the ¢ollector between that
with the high grid voltage.and that with the low grid voltage indicates
the number of particles in the energy range defined by these voltages. .

This current difference is directly measured as an alternating current

-12-
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180° out of phase wicﬁ the modulating voltage.
The collector is divided in;o three sections of equal area. Utilizing
the ratios of currents in these sections,thg angle of incidence of the
plasma relative to the axis of symmetry of the cylinder of the Faraday cup
"can be calculated to within 2°,
Circuitry controls the AC and DC cgﬁponents of grid modulation
separately. 'Electrometers'are AC coupled to each collector section.
Any problem with the DC photoelectric effect is sufficiently eliminated
with the AC coupling.
Current data are transmitted from the spacecraft by means of data
numbers that correspond logarithmically to the inverse of the current as
follows ( for DN the datanumber and CURR the current ).
DN = 255. + 1n(6.94 x 10-13/CURR)/1n(1.0367)
.This is accomplished by a logarithmic Analog/Digital converter.
In this manner currents through a range of four orders of magnitude
can be encoded. Each data number is written as a hexidecimal pair with
00 corresponding to 6.806 x 10-9 amperes and FF corresponding to
6.94 x 10713 amperes. Because the current/data number conversion is logarithmic
the limiting error due to discrete datanumbers is constant throughout the range.
Iﬁ our experiment 24 contiguous energy channels, detecting the
positive ion component, range from 241 ev to 4279 ev for protons and
frbmv482 ev to 8559 ev for alpha particles.
One large energy channel, the SOth. measures the total current
from ions striking the collector within these energy limits. The currents
from each individual sector of no. 30 are registered in channels 31,32,and 33,
A second Faraday cup positioned 90° from the sun measures the electron

component of the solar wind.
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Current density for a collection of particles each with individual

chirse q and overall number density n equals nqv when all particles have the

same velocity V. The current collected at the collector of the faraday.

cup must therefore be equal to the average value of (nq¥)-A(¥)f where A(Y)

is the area of the portion of the plate that is illuminated by the plasma

and fi is the normal to it. Thus, taking into account the transparency,T,

of the grids, the expression for the current is

I= nq tz[z:vz. E(WVAF) IV

which is integrated over the'appropriate limits for v

distribution function.

f(¥) is the velocity .

To determine an expression for f£(V) we assume that it can be considered

constant within each energy window, and we consider the angle of incidence

and plasma temperature small enough so that A(V) can be considered constant

( the aperture area is smaller than the collector area - in Cﬁapter V the

error resulting from making such an approximation is considered ). Then

the expression for f,, the distripution function value in the nth channel

is given by

In

fn’

e, 7

/v
"wee

for In the current in the nth channel and the limits corresponding to the

range of the channel.

We see that the integral expression in the denominator is proportional

to (v2n)2 - (vln)2 and therefore to the energy width of the channel, AE,, As

I am considering only relative values for f“. normalization is not considered

-14~
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and the following expression is used without the determination of k: -

kI
a® pieone Bl
(q/m)AEn

'Plots of the Distribution Function

The Techtronics 4051 computer was then used to make plots of spectra

for the data transferred from the original data tape. The abscissa was
;% scaled to show v, of protons with each tic mark corresponding to 100 km/s.
iﬁ The spectra could then be seen on linear or semilog plots.
% The '15 Spectra' program inpuﬁs the datanumbers for 15 cycles from
| _a tape file in the data cartridge. From each it calculates , from the
above formula, the value of the distribution function. These values are
placed in an array F(I,J) dimensioned as F(24,15) where the I corresponds to the

’ channel number minus one and J to the index number that is used to

reference each individual spectra.

The VIEWPORT function in the program allows .the graph to be placed
in different portions of the screen. The following pages show distribution
functions in semi-log plotted for varicus regions: the solar wind, bowshock,
magnetosheath, and magnetopause regions. The parabolic appearance of the
solar Vind plot§ is consistent with thé Maxwellian function being known to

provide a good fit for these cases. The magnetosheath examples cannot be

closely fitted to a Maxwellian and Chapter V shéws that a Kappa distribution |
\ may proﬁide a very close fit.

These graphs, and others I compiled, seem to hold much information |'

regarding the changing of plasma parameters in the bowshock and magnetopause
regions and more investigations will be done of these crossings. One problem
‘ to overcome is the separation of proton and alpha-particle components. i

Another factor making the analysis more complex, is the existence of multiple

-15~
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shock crossings. Temporal fluctuations can be noticed in certain spectra ‘:)
resulting from a bowshock crossing occurring while the current measurements J
are being taken. How rapidly the change is from the magnetosheath to the $
solar wind portion of the curve can give an indication as to the shock's

ﬁ thickness dividedby its speed. From the intended analysis of shock ’ i

velocity, significant values of thickness and speed might be obtained.

The dots placed below the distribution curve represent the lowest
value of fn that can be plotted for each channel. They each correspond

to the datanumber FF which signifies that the original currents are

6.94 x 10"13 amps or below.. The numbers on the top left hand corner of
the pages.containing 15 plots refer to the year and day number of the
year. The numbers found in each graph are the hours. %he

axes have the following scale.

~~
=
B
e
M

B
bt

1.

relative
scale

¥s IEZS. in divisions of
m,/q, 100 km/s

The proton and alpha particle spectra are superimposed on the graph. ¢
A computer summation of a typical case with two Maxwellians on a semi-log

plot is shown below. The alpha~-particle peak is located at an abscissa - {

Y2 times greater than that of the proton peak (as is expected for both

components having the same bulk velocity). » .

~16- i




summation

Page 10 shows a ser;es of solar wind saméles. Their shape 1is the
expected sum of two Maxwellians, with the alpha-particle peak at 2
times the abscissa of the proton ﬁeak. Bulkspeed is aroun& 600 km/s. The
relative density (from the ordinate being qf/m) of alpha particles to protons
& 6Z by number assuming both components have the same thermal speed.

Page 11 shows a series of magnetosheath gamples. Thermal speeds
are increased so that identification of each component is made difficult
(this is further explained in chapter 5). Magnetosheath particles, as
is observed here have a characteristically smaller z-component of bulk
velocity (from both the reduction of bulk velocity and the geometry of
the shock). The z-component of bulk velocity, bulkvz, is in this sample,
350 m/s. '

On page 12 is found an excerpt from a series of multiple bowshock
crossings. The solar wind speed is seen to be about 400 km/s. The
'turbulence' that is found in these magnetosheath spectra seem to indicate
a certain superposition of particles with the solar wind distribution. An
example of the temporal fluctuations, mentioned on page 7 , seems to be in
the spectra at hour 2323 at the 300 km/s position. The high-energy
particle fluctuation in 2325 seems intriguing; It might signify a periodic
temporal fluctuation, between magnetosheath and solar wind states, having

a period on the order of 1 sec.

. -17-




Considerable information is unfortunately lost within the 112.5
seconds between plasma measurements near a bowshock as many sh;:»ck crossings
would pass unnoticed. The fast mode should be utilized more often to
enable virtually all crossings to be observed in any pass.

A series of magnetopause crossings can be seen on page 13. A
decrease in density, where the true spectrum often falls under the FF

[ ]
curve, is most evident.

Projections of three-dimensional graphs showing the distribution
function vs. time are found on pages 14 to 17 . This provides an informative
perspective for viewing temporal (and possibly spacial) changes within
each energy interval.l The density variation in the solar wind'spectra
on page 14 may indicate a regular compressional wave. In the magnetosheath
sample on the following page, regular variations also seem apparent.
Although a bit more difficult to visualize, the 'plateau' on page 16 shows
t_he magnetosheath spectra in the middle of a double crossing of the shock.
Page 17 shows a magnetopause crossing where the peaks along the time
dimension signify the magnetosheath.

Two parallel lines in the t-v plane indicate the minimum and maximum
velocities that Solrad can detect, 215 km/s and 905 km/s. The range of ~

the time domain is listed under 'Solrad 11A' or 'Solrad 11B'.

©
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CHAPTER THREE

SOLRAD'S 'ANALYSIS' PROGRAM

The purpose of the 'Analysis' program is to return values of the
plasma parameters of z-component of bulkspeed (SPEED), density (DEN),
most probable thermal speed (THSP), and the temperature (TEMP), and

provide the values of angles, including THETA, the angle of incidence,

involved in the analysis, from the original data tape. The WIND

subroutine of this program provides the derivation of these four
parameters by rough numerical integration of the zeroeth, first, and
second moments of velocity. These integrations are done'over a
significant portion of the distribution function, where the limits must
be determined by the position of the peak channel of the distribution.
The variable F(J) used By the program is proportional to a ‘'differential
density' of the plasma. It is definea as the current in the Jth channel

divided by the average velocity detected by the channel. That 1is,

CURR(J) _ CURR(J)
V(@) k(vl+v2)

FQJ) =

for vl and v2 the velocity limits of the channel. This equals the density
of only those particles within the energy limits of the channel times the
charge per particle times the area of collector plate illumination.

The distribution function's average value in the nth channel equals

k CURR(J) _ _CURR(J)  _ _F(J)

n " (@mar;  “4(vz-vl) (vatvl) OV

as is expected from the definition of distribution function (f=3n/3v)

f

and F(J) for AE. the energy width and AVJ the velocity width.

J
The program wrongly seeks the channel of highest F(J),which varies

as the distribution function only when the velocity width is constant.
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i »
FORIRAN IV G LEVFL 21 - wiNY DAIC « [112) 218112y : e
ool SUGRQIT INE WINDL,PIEOGE L, THEPU, TLHP)
002 CONNON ONIJ)Y) ,CCRIEDY)
0003 DINENSION FL) )
0004 INILGER ON
0003 QATA C14C2,C3,C6,C5/2.040-1301.0367004d0125.9,1.80E0127 ¥
0006 OATA XJ/0.064899¢ $
0t OIMENSION VOLILO 1200, VUL TILL 2L, v(2H)
0008 DATA VOLILY /0.0,240.8,319.7,398.7,47),6,569.9,610.0,79%,1,701.7,8

R P A P T L T S AP PR E IS TS R L D R Y A P AN P T2 PR RN A4 T I P
802830 0393002.803514.4¢3596a4, J0800.644C65,0,240.%/

0009 DATA YOLIMLE 2000319030396 .60676.8,991.8,627.2,707.8,783.1,8%9,5,9
839740006t s ll2La? o000l (0039 7o nl0el ol dlece2343.442937.0,28206.

00306743, 330%.2,1548.3,3/89:2:46033.1042708.7,4219.5¢/

ooto LOGICAL FINSE/ . TRUE./ " i
oott IF(.NOTLFIRST) GO TO & »
0012 Q = 1,5021C-19 i
00l REM & 1,67252F=¢1
0014 SQM = SQRT(20Q/REN) "
. ools 00 2 J=2,28
0o1é Y(J) = SUMSISCRT(VOLTHI(JIII+SQRTIVULTLOLJI))) /2000.0
QoL? 2 CONTINUE
ools FIRST=,FALSE.
© 0019 & CONTINUE ;
0020 00 1) J = 2,3)
o002t IF(04(J).GT,256) GO TO 50 g E !
. [4 Cle2.44E-1) s
[4 IFIJ.GE.26) C122,226-13
< TFEJ.GELIV) Clsb,.94E-1) {
c CUR(J) = CLO(C20¢FLOAT(255-CN(J)))
c X1=CleC200255
(4 X2s 1.0/C2 ] ,
4 9/13/16-VALUE UF x1(WGRDS 2-25) CHANGEC FROM 2.39293E-9. i
- [4 XL(W3POS 3G-33) CHANSIO FROM 6.80612E-9. X1IWUS 26-29) UNCHANGED, .
(4 THIS CALIBRAT[UN CHAYNGE IS EQUIVALENT 0 CHANGIMG AUBJIVE VALUZS
| . 4 OF C1 VO 6.94C=13{nDS 2~25) AND 2.7¢E=12(NCS3V-33). |
k. 3 ) 0022 X126.806126-9
| 0923 1F 1J.CE.26) X1=2,17717€-9
0024 IF (J.5E.30) X1=2.68842€-8 & !
0023 CUR(J)aXx1ex2¢000(J) : o
0026 IF (J.537.25) GO Tu 10 . .
0027 FULJI)=CUR(JI/VLI)
€ VE3) 15 THE AVERAGE SPEED FCR CHANNEL J IN KM/SEC. .
) 0028 10 CONTINUE 2 "
! 0029 N2
5 0030 00 20 J = 3,25
E 0031 IF (FLI)GTeFIMI) M = 3 {
il 0032 20 CONTlRUE . ; !
B i L0033 LL = N-3
- 0034 LU = H4)
g 0035 IF (LL.LT.2.0R.LU.GT.25) GO TO SO . i
i & 0036 s $0 = 0.0 |
0037 $1 » 0.0 |
0038 $2 = 0.0 gty .
0039 00 30 J = LL,Ly . &
0040 $0 = SO+F(J) 1
0041 St = S1eviJIeFt)) R .
0042 $2 = S2eVIJISVIJIPELY)
13 0043 k1] CONTINUE
0944 SPEED = 3951750 <
0045 TEMP = Cool(S2/50)-SPEEDse2) ! .
6046 ° 0EN = CS5e$0 ; .
0047 THSPO= SURT(24TEMP/CA)
: 0048 RETURN
4 0049 SO0 SPEED = -100,
‘ 0950 1EAP = =100,
‘ 0051 0EN = =100, 3 “ ; "
| 0052 THSPD+=100.4 \
| : 095) RETURN '
i 0054 ENO -
1
] " . s
] \
’ -28- 4
S ¥




For the solar wihd samples, consecutive channels near the proton
peak vary to a greater extent than in a magnetosheath sample. This large
variation overcomes any effect from not considering the distribution
functioen and none of the solar wind spectra seem to be affected by the
error. In the magnetosheath, however, with greater thermal speeds, the
distribution function varies less between adjacent channels so that this

8
error often causes the computed bulk velocity Fo be greatly shifted to
the right, to a velocity within or near those associated with the 12th
or 13th channel where the energy width increases and therefore the velocity
width changeé the greatest amount from the channel one below it in energy.
Lines 30 to 31 of the program determine the peak of F(J).

The region of iﬁtegration is taken to be from three channels below
to three channels above the maximum flux channel ( channel M ) if these
channels exist ( see line 35 ). In the required integrals, the correct

summation expression involves the current flux. Consider the density.

Yate,
}’F(v)dv « anAvn and therefore [ F(v)dv « IF(J).

Va3

“Thus it is the following summations that are calculated in lines 36 to 46.

DEN = C5 IF(QJ)

SPEED = C, IV(J)F(J)
Cs IF(J)

TEMP and THSP are calculated from DEN, SPEED, and the second
moment I VZ(J)F(J).

The Irepresents summation over the seven chosen cnergy windows.




When the analysi; is applied to the magnetosheath, two other
problems arise. First, the maximum flux channel is found too close
in energy to the lower energy limit of the apparatus so that the M-3
channel does not exist ( as a proton channel ). This is because the
plasma's z-component of bulk velocity is considerably decreased ( by
approximately a factor of two ), from the geometry of the bowshock.
and its mechanism of collision, from its previous value out in the
solar'wind. The analysis program does not attempt to determine any
parameter and returns a ~100. for each as can be seen in the data.

The second problem with magnetosheath spectra is that there is

a greater error in the density calculation because the seven energy channels

are not as sufficient as for the solar wind samples.
To provide a means to test this anmalysis, the Solrad 'Currents'

program was developed so that currents expected in each channel could

be derived from the plasma parameters. In the next two chapters can be seen

the comparisons between the observed currents and those expected from the

determined parameters.
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CHAPTER FOUR

SOLRAD'S 'CURRENTS' PROGRAM

Description of 'Currents' program

The currents program simulates the datanumbers that correspond to
the twenty-four contiguous positive-ion energy‘channels and one large
energy channel from the given information of plasma z-compénent éf bulk
velocity, most probable thermal speed, and number density.

The current from each channel is computed by a three-dimensional
integration over velocity space. As we presently do not consider

predicting the separate currents from each of the three sectors, the

symmetry of the detector lends itself to a two-dimensional consideration.

However, this program was adapted for Solrad and it was originally required

to consider the three velocity components separately.

In addition to calculating the current expected from the direct
effect of grid modulation, the program takes iﬁto account a refra;tion
effect. This is caused from a greater particle refraction with the
impressed grid modulation at VHI volts than at VLOW volts (for VHI and

VLOW the upper and lower limits of the square wave voltage).
Without the effect of refraction:

voltage = VHI 5 voltage = VLOW

With effect refraction:

voltage = ViiI voltago = VLOW




-

- T TR T T — =

As the grid voltage varies, so does the collector current, at

180° out of phase. The refraction effect subtructs a greater amount

" of collector plate DC current at grid voltage VHI than at grid voltage

VLOW when the plasma image of the aperture does not fall entirely on the
collector. This is because, at a non-zero angle of incidence, the
center of the aperture image is displaced by a greater amount from
éhe center of the collector at VHI and the plasma would illum}naée a
smaller part of the collector, as shown in the previous diagram.
Integrating v between the limits of the considered channel
calculates only the current not produced by the refraction effect. To
take it into comsideration Y must be integrated out to positive
infinity, since all velocities greater than the threshold velocity
(for entering the grids) can contribute to the refraction effect. The
necessary integration, performed numerically in this program is as 0
follows (using the notation from page 5 ):
~C T v g @)a@av v dv.)

)

V=VHI

Vieo » > >
Iu = tqn(( ‘J"'f{ vzf(v)A(v)dvxdvydvz) V=VLOW

for vln and v2n velocity limits in the nth channel, since the first

term corresponds to the absolute current at VHI and the second to the

" absolute current when the grid voltage is VLOW. The difference of these

two terms corresponds to the AC componént of current expected (CURR(NCHAN)
for NCHAN = n).

f(:) is taken to be a Maxwellian specified by the input parameters.
A(:), the area of the collector that is illuminated by the plasma, is
calculated from the gem;etry of overlapping circles. A full description

of the program can be read in Appendix A. .
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The 'Currents' program yet does not consider the effect of alpha
particles. If the analysis program were to be modified to determine the
proportion of alpha particles in a spectra and roughly their thermal
speed, the consideration of alpha-particles by 'Currents' would be an

immediate consequence.

Computational results

"To determine how closely the 'Analysis' program and 'Currents'
program are inverse 'functions', the WIND subroutine was made into
'Wind2' so 'as to accept the datanumbers punched on cards by 'Currents'
and analyze the produced currents. By inputting into
‘Currents' a set of.parameters, any deviation from these in the output
of 'Wind2' is then noted.

Results:showed that the velocity correlation is phenomenal, to -

within .87 when thermal velocities reasonable for the solar wind are

considered.® A fairly large discrepancy is found with density and thermal

speed. The density discrepancy, as expected, increases as thermal speed
‘ds increased. For " 400kg43 thermal speed equal to SOEmégnsity is
off by only about 22.7 However, a thermal speed of 100 km/s reduces the
density by almost a factor of two and the thermal speed is off by -38%.
Apparently thg 'Analysis' program is not integrating over a sufficiently
large range of the distribution function. A further analysis of this
problem is necessary with regards to modifying the analysis program to

enable a more accurate analyzation of the magnetosheath spectra.

* Velocity is off by as much as 127 for thermal speed = 100 km/sec.

+ Thermal speed is off by about 8%,
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Graphic Results ! e

For comparisdn, the Techtronix 4051 graphics system was used
to plot the distribution function computed from the d;tanumbers produced
by 'Currents' on the same graph as that derived from the original data.
The following pages show the original data in dots or (+) and
the expected distribution from the 'Currents' ﬁrogram with a solid
curve. The discrepancies talked about in Chapter Three concerning
the magnetosheath samples are evident from these plots. That the
'Analysis' progra; was not designed to properly analyze magnetosheath
data is apparent. When the lower energy distribution values do
not vary rapidly enough the curves are found to shift to center
around the 12th or 13th channel. This can be noted from the linear

plot on page 32. From this it is apparent that the error is large.

The solar wind spectra match very well in all parameters with o

a slight discrepancy again observed in density.
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CHAPTER FIVE

GRAPHIC KAPPA AND MAXWELLIAN FITS

The Techtronix graphics display can also be used to make an
i analysis of the spectra by plotting a theoretical distribution

k , function of vz,whose parameters are determined by trial and error,

1 that fits the observed function. .
;| ' -

| Each parameter of a Maxwellian or Kappa distribution function
| can be changed by using a 'user definable key' on the comsole.

The Kappa velocity distribution is of the following form:

> >
£Q) = — P(etl) (), [Vovbulke|2) - (e+1)

™y K%l (k-5) KW,

. This distribution function is thought to provide a good fit for

L_ o K |

] ’ spectra in the magnetosheath. The Kappa distribution, which is a ,
statistical sum of Maxwellians, has one more adjustable parameter ‘]
than the Maxwellian, the value of kappa. The following page

F |
i § shows a Kappa speed distribution (where the velocity distribution §I
l function is multiplied by I3vaﬁik|2) for cases of kappa equals one |
E to five and infinity. A Kappa distribution for kappa equals infiﬁity
is a Maxwellian. The graph on the left shows each curve relatively
normalized while the one on the right sets each peak at a constant value.
As is most evident from the righthand plot, the Kappa distribution has
:a high energy tail,although its velocity distribution is symmetric.

Since in Solrad we can only deal with the z-component of velocity,

a speed distribution analysis is not possiblé. The velocity distribution

must be reduced to a one-dimensional distribution by integrating over

|
. all Y and vy. The result, without calculating the normalization C is: '
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[
(+ Yz )<
" Kwg

f(vz) =

For ease in fitting the data, the maximum is constrained to one
value (determined by one user's key). Thus, what is plotted is:

1.k v'z K
f(vz) = C(1+;) /(1+ ;w—.z)

Density, although the parameter is printed next to the graphs, was
not used as an adjustable parameter in obtaining the Maxwellian or Kappa

fits.

Results

The results are promising. Magnetosheath examples are shown in
pageS‘AO to 45 . It is interesting to note that spectra taken near
each other in time each have very closely the same relation to the
closest curve obtained as a fit.

The day 198 hour 205 spectrum on page 42 shows a magn;tosheath
sample taken ‘from very near the magnetopause.

Page 43 shows a case that seems to have kappa less than two.

Because of the alpha particle peak, the spectra fits were
attempted around the proton peak and the highest energy points. This
is only justified when the sum of alpha and curves converges with
the proton curve at high energies. To determine whether or not this
convergence exists, the program was modified so that alpha particles
would also be considered. Page 44 , day 182 hour 1101 shows each
component separately together with their sum. It is seen to have

the convergence necessary although a bettér fit could be obtained.
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.A closer fit for the alpha particles, however, seems to indicate (page 45) 0
a smaller thermal speed which would conserve the convergence. However
it is seen that with a larger alpha-particle thermal velocity, the

convergence does not exist. A deeper analysis of this convergence

pr&blem is warranted.
.

It is worth remembering at this stage what initial assumptions
were made for the distribution function to ﬁe calculated in the plotting
programs. It is 1mpor¥ant to check that that the error resulting from
approximations in the derivation of the formula used does not so greatly
affect the accuracy of each point that the curve fitting‘analysis would
not be valid.

For this purpose the 'Currerr' prograﬁ was devised. It is the
'Currents' program, modified so that the AREA array alternates between ‘E}
describing the exact area response function and an ideal flat response
function (where each element of AREA = ANORM). The current values
are measured at each channel with each response function and the
percentage deviation, of the currents calculated with the exact-area
response function from the currents calculated with the 1deallreséonse

function, is determined.

These values would then give an indication as to the error resulting
from considering the area constant (i.e. a flat response) in the plotting
program. The bulkspeed was considered at 500 km/s at normal incidence : b’

on the detector and density at 5/cc. Thermal speed was varied between 75

and 250 km/s to observe the relationship between the error of current in
a channel and the quantity w/v,. : : :

As we consider calculations for higher thermal velocities, the .
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- c:, .largest current deviations are found in the low energy channels where

it appears that the expected current is very low but the refraction

effect is relatively high (since it is due to particles of energy ﬁ
greater than that representative of the channel). There exists a very ‘
low deviation in the high energy channels perhaps since the refraction
effect involves much fewer particles.

The negative deviation in low energy channels for low thermal &

e

speeds is yet to be understood.

What is evident from the results of this program is that the

current deviation in the high energy channels is very small, as for ;

example to within 17 for channels 16 to 25 for the 150 km/s thermal

speed case. This is important to note when considering distribution
fits through the high energy points. The'iow energy points may,
.' owever, be significantly be affected by choice of response function.
The 'Currerr' program, it should be kept in mind, might need

to be revised since the AREA array is not the only thing in the program

-

that sets a limit to the response function actually determined in f

e

& ! 'Currents’'.
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APPENDIX A

@ o SOLRAD 'CURRENTS' PROGRAM

The beginning lines of the program set the values of constants.

DIMENSION CURR(26)
INTEGER®#2 DN(26)

INTEGER®#2 NHAYsHOUR
REAL®4 NBULKsINTHERM }
DIMENSION AREA(10001) ]

DIMENSION VOLTLO(32)s vV:LTHI(32)
DATA VOLTLO 70,0+240.8.319,79398,7+473.6¢549,9+630.0+705.1+781.748
161¢59938¢241015.501171.7:-14054301640¢741878,042115¢592351,72591,1

202831.393072:843314.4¢ 157:0443800.6+4065.04240.5/ -
DATA VOLTHI 70,09319434170.64476,89521.60627:2+707.8+783¢1¢859,5,49

139701016 101171a741606,:41539,741873:¢19211]12+234844+42587.0,2826.

20030674393305.29¢3548.3-771942¢6033,194278¢744279.5/

DIMENSION XL (26) WL (263 +Xr{12) «WH(12)

DATA XL/=~0.9815606344=0., " 41172564=0e/699026744-0,587317954,
~0.,367831499¢=",1::52334094+0+125233409++0,367R314699.

40,587317954 440, 1099026744+4049041172564+0,981560634,
~0,9815606344=0,7041172564-0+769902674¢-0,587317956,
=0,367831499¢=(.:252334094¢0+125233409+40.367331499+
+0,587317954440, /99902674440¢7064117256440,9815606347/

DATA WL/0.,06717533640.10°93932640,160078329,0,203157427+
0.233492537¢0,2:14704640,249167046,0,233492537»
0.2031676427+0,147G7832940.105939326,0.0467175336,
0.067175336+0,1(9939326+0,16007832940.203167427+
0.23349253740,247147064640,249147046,0,233492537,

) 0.203167427+0,1420783294y0,106939326,0.047175336/

‘ DATA XH/~3.889724904=3.020637034=2.2/95070Be¢=1.59768264+

«0,96778839)14-0.3142403764043142403764+0,9477R8391,
+1.,597682644+¢2.279507084+3,02063703,+3.88072490/

DATA WH/2.65855168F=748,2373687N4F=543.90539058E~3,5.16079R5KFE =2,
2.60492310F=1¢5,701352366-14247023323AF=142.604922]10E~1,

2 5,16079856F=243.9053905RF~3¢8+57368704E~5,2.65R55)6RE=T/

DIMENSION VX(12)+QT150(12)+XSQ(12) | 1
DATA RCsRA /2.750+1.50/ ‘

DATA C1,C2 /6.94E-13,1.0367/

NSWN -

NEWN =~

N s

The following variables are inputs to the 'Currents' program:

DAY,HOUR = time spectrum taken ' ]
NBULK = bulk velocity in km/sec
NTHERM = the most probable thermal velocity in km/sec

DEN = the density of the plasma

BETA = shown below in degrees

" ALFA =  shown below set equal to zero in this present version E

N e e com—— g
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original a,B representation:

faraday cup

o =; subtended by v and its projection onto the yz plane

B =; subtended by -z axis and projection of v onto yz plane

CURR(26) is array listing current values in channels 1 to 26 calculatad
. by the program

DN(26) is array listing datanumbers calculated after each CURR array
is calculated

AREA(10001) stores the function relating overlapping area of solar wind
image and collector plate to the linear displacement of ;heir centers

VOLTLO(32), VOLTHI(32) VOLTLO(NCHAN) and VOLTHI(NCHAN) are respectively

lower and upper voltage limits of the square wave grid modulation in
the NCHAN .channel

XL(24),WL(24),XH(12),WH(12) are sets of constants uszd in the numerical
integrations

VX(17),QTISQ(12) store intermediate values in the integration
RC=2.75 inches= radius of collector plate

RA=1.5 inches= aperture radius

-56~-
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i IVERS 7132
LOGICAL®4 FW(S)
CALL HACK(FW)
WRITE (6+1020) FW(1l)eFw!-)esIVERS
1020 FORMAT (69H1CURRENT ON TH. FULL COLLECTOR PLATE USING AN_EXACT AREA
1 CALCULATION. 4T111+2A% 27H SOLRAD, ENERGY CHANNELS +T111,
28HVERSION 14)
ICOUNT = 0
D0 1 1 = 129
1 CURR(I) = 0.0

IVERS = date of revision of program = 7132 = day 132 in 1977 j
HACK subroutine at LNS computation facility returns the date the job is rum '
CURR array set to zero P

the foilowing values.are usec for AREA(10001) determination: ;

P1=3.16415927 _ =
ANORM=P [ “RA®RA
- : TRC=2, %RC
! TRA=2,%RA
! RCSQ=RCRC

RASO=RA®RA

BND1=(RC-RA) ##2

BND2=RC*RC-RA®RA

BND3= (RC+RA) ##2

HPSRSQ=0.5%P1* (RCSQ+RASQ)

VBAR = =110.

Q=1.6021E-19 |
. REM=1,67252E~27 g

AN=10ES%Q -

i o s g

3 ANORM is aperture area .
VBAR = -110. is suppressor grid voltage in volts !

Q= 1.602 x 10-1? is elementary charge in coulombs

REM = 1.67252 x 10-27 is proton rest mass in kg

AN = 106xQ = value used in normalization

Determination of function represented by AREA (10001)
The area of overlap, A, shaded in the following diagram, is determined

as a function of U, the displacement between the centers of the circles

A = area in sector ADC + area in sector BDC - area in ADBC
2= E8em0r? ¢ Ryetany
A (2“)ﬂ(RC) + (2“)ﬂ(RA) - ?(%xU)

PY A= a(Re)? + brRAY - xU




collector ~
plate

aperture
image

x = (RC) sin a = (RA) sin b

7 cos a = -——————Uz"'Rcz'RAz cos b = ——————UZ+RA2-RCZ
‘ ) 2U(RC) 2U(RA)

ARGl = cos a = (U2+BND2)/(TRC-U)

2 } from defined terms
ARG2 = cos b = (U"-BND2)/(TRA-U)

from * above:

2 2.2 2 2 2
A= cos-l(Higs:-—"l!&--)lic2 + ¢:o.‘z-l(g-i“£--4‘~(:)RA2 - RA sin(cos
2U°*RC 2U-RA
-1 U2+RA2—RC2
- RA sin(cos C——Eﬁjia——-))u
Therefore:

A= Rczcos-l(ARGI) + RAzcos-l(ARGZ)-U(RA)sin(cos-l(ARGI))

This equation is used in the following DO LOOP:

VELPRO=2.%Q/REM

C ®e» CALCULATE AREA OVERLAP AS FUNCTION OF DISPLACEMENT OF CENTERS OF

[ COLLECTOR AND PROJECTION OF APERTURE INTQ COLLECTOR
DO S 122410000
U=2.*RASFLOAT([=1)/10000¢*RC=RA
USQ=Usy
ARG]=(USQ+BND2) / (TRC*U) ;
ARG2= (USQ~RND2) Z (TRA®U) ;
AREA (1) =HPSRSQO-RCSQ®ARSTIN (ARG])=RASQ®ARSIN(ARG2) ~USRA®SART ( (1.-ARG
12)%(1.+ARG2))

S CONTINUE -
| AREA (1) =ANORM . !
AREA(10001)=0,0 . !
SLOPL=10000./TRA ‘

812100009 (RA=RC)/TRA+] .5
C ®*esDIMENSIONS OF METERS, KILUGRAMSs AND SECONDS = EXCEPT FOR Cup
c WHICH IS IN IMCHES
C ®ee DEN 1S DENSITY PER CC
ALF=0




' The index I specifies 10001 values of U in constant increments

from (RC-RA) to (RC-RA) and the area is -calculated for each I.

This enables addressing of AREA to get a sufficient approximation
L .

to the area of overlap at specific abscissas in the integration.

. : :

| ) *=5 2 .0 Dpisplacement 5 (inches)
| 2 R 4 4
g . ; . INDEX = 1  ° INDEX = 10001 °

Determining INDEX from U:

INDEX = SLOPE-U + Bl for SLOPE and Bl given

10000 (U+RA-RC)
2RA

The value of 1 becomes 1.5 so that one obtains the closest approximation

since we let INDEX = o L

to the fixed variable IﬁDEX from the floating terms.

4 ALFA=ALF*0.01745329
i 7 READ(5,1200,END=7777) DAY, HOUR,NBULK, DEN, NTHERM, BE
1200 FORMAT(I3,I5,F7.1,3F5.1)
8 ICOUNT = ICOUNT+l
. IF (ICOUNT,EQ.64.0R.ICOUNT.EQ.128) GO TO 8
C *** NBULK= RADIAL VELOCITY=Z-COMPONENT IN KM/SEC
THERM = NTHERM*1000
BETA = BE
BO=BETA*0.01745329
| COSAL=COS (ALFA)
g BULKVZ=" NBULK*1000
| BULKVY=' BULKVZ*TAN (BO)
BULKVX= 0

ALPHA=THERM* * (-2)

DO 15 I =1,12

VX (I)=XH (()*THERM+BULKVX
15 CONTINUE




o e

—

-

ICOUNT = an index thatnumbers the spectra

1f ICOUNT = 64 or 128 the values are not used since these values
and 0 specify the calibration modes

At the end of inputting all cards with parameter data at line 7
conirol is transferred to line 7777 where 'NORMAL EXIT' is written and
the program stops.

THERM = NTHERM-1000 = thermal speed in m/s

BO = .,0174 BETA =8 in radians
ALFA =,0174 ALF = o in radians E

BULKVZ = NBULK-1000 = z component of bulk velocity in m/s
BULKVY = BULKVZ ° TAN(BO) = y component of bulk velocity in m/s
BULKVZ = 0. = x component of bulk velocity
The 'Currents' program is adapted and was originally designed for
a three-dimensional problem. It can be essentially reduced to a two-
dimensional integration.By setting a to zero, our problem is a

two-dimensional one with the value for B corresponding to the value

of THETA in the Solrad ‘'Analysis' Program where the angle is computed.

The following diagram shows the velocity compénents for non-zero a:

|
!
1
|

=

forn ¢ |

e - —————

(R TTH R NY )

. /BT - foa S/
Al \/

-
VX(I) = XH(I) * THERM + BULKVX are the x-components of veélocity

used in the Hermite numerical integration method described in page 56.
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CONST = (6,45E=4)*0.735¢AN® (ALPHA/PI) *#(].5)“DEN
C ®e*e VBOT AND VTOP ARE LIMITS OF INTEGRATION AS SET BY THE DISTRIBUTION
c FUNCTION
VBOT=BULKYZ=3.5%THERM ]
VTOP=BULKV7+3,5¢THERM ]
NCHAN = 2 i
CURMAX=0.0 |
77 CONTINUE {
C ®*e VLGRID AND VHGRID ARE LIMITS OF INTEGKATION AS SET BY THE VOLTAGES ON |
c THE GRIDS i
VLOW=VOL TLO (NCHAN) |
| VHI=VOLTHI (NCHAN) : |
! : VLGRID = SQRT(VELPRO®VLOW) i
1 VHGRID = SQRT(VELPRO®VHI)
IF (VLGRID.GE.VTOP) GO TO 170
| =1
& N IH=24
? VZIL = AMAX1(VLGRID.vBOT)
|
|

—

T i

VZIH = AMIN] (VHGRID,VTOP)
IF (VBOT,LE,VHGRID) GO TO 17

IL =13 :
VZIH = VHOT ' |

* CONST = (6.45 x 10~ (.735)AN(y)n ™3/ 2peN for y= ALPHA
is used immediately after the triple integration

(6.45 x 10-4) converts sq.in. used in AREA to m2 .
h .735 = transparency, the fraction allowed through grids 3 |3
.. AN = 106Q which converts density units from #/cc to #/m

e (1/“)3/2Y1/2 = distribution function normalization times
constant used in Hermite integration

ym

DEN = density of plasma in #/cc
VBOT = BULKVZ - 3.5 * THERM VIOP = BULKVZ ~ 3.5 * THERM

" The v integration involves Gaussian Integration and limits are

%herefore needed for the distribution function. With these limit;, thé
ff&étional deviation from the exact value is -=7.4 x 10-7, within the
aééﬁr;cy.of the integration method.
QHI and VLOW become the upper and lower voltage limits in the
grid modulation.

VLGRID = (VELPRO'VLOW) = (2Q*VLOW/mp) ]
VHGRID = (VELPRO:VHI) = (2Q'VHI/mP)

These are the velocit& limits corresponding to the voltage limits.

' 2
ki . This is from QV = %mpvz » the relation between V and proton velocity limit.
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1f VLGRID < VTOP at.line 170 SUMLO = SUMHI = 0.0 so CURR(NCHAN) = 0.
in output since too few protons exist in distribution function above VLGRID.

The z-integration is divided 1nﬁo two parts to take into account a
second effect producing a pulsated component of current (CURR(NCHAN)).
Both of the following contribute to the value of CURR(NCHAN):

(1) The.difference in number of protons admitted through at grid

voltage VHI and VLOW. .
(2) The difference in area of interception’of plasma image with the
collector plate at VHI and VLOW due to the refraction by the
grid potential of protons entering at an angle to the cup's axis.

(1) is given by the integral of the distribution function between
VLGRID and VHGRID and this integration is indexed by 1<I<l12. Integration
of (2) is indexed by 13<I<24 and involves integrating over all velocities
above VLGRID.

VZIL = maximum of (VLGRID,VBOT) = lower limit for integration (1)
E A A

(-] ﬂ:

= viin

. p é 4 v E v
That is, no integration is done below VBOT or VLGRID. Similarly with
VZIH = minimum of (VHGRID,VTOP), no integration'is done above VHGRID and
vToP,

If VBOT>VGRID we see that IL = 1 and IH = 24 meaning that I would
vary from 1 to 24 performing both integrations. If VBOT VHGRID integration
(1) is unnecessary due to a low distribution value and IL=13 and IH=24

8o that integration (2) is performed with the loéer‘limit equalling VBOT.
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Constants used in integration

(1) f @ 4
. = . .

é. ..-,.l E e ’

AVABL and AVABH are midpoints in the region of interest, AVBEL

—‘r— vBOT = VIIL

and AVBEH respectively half of the range in each. They therefore have
the values shown in the program.

To accomplish the triple integration, there is a nest of three
DO loops, the outermost loop doing the v integration, begins at the

DO 120 statement.

17 AVBEL = 0.5%(VZ1H-VZIL)
AVABL=0,5%(VZ1H+VZ1L)
AVBEH=0,52(VTOP=VZ1H)
AVABH=0,5% (VTOP*VZI1H)

LOOP=0

20 VALUE=0,0
00 120 I=IL.+IH
IF(I«GE.13)GO TO 22
VZ=AVBEL®*XL (1) +AVABL
AVBE=AVSEL
GO TO 24

22 VZ=AVBEH®XL (1) +AVABH
AVBE=AVBEH

24 VZINV=1,/V2
PART=0Q%2,/ (REM#VZea2)
VLPART=VLOW®PART
IF (LOOP.EQ,1) VLPART=VHI#?ART
IF(VLPART.GT41.)G0 TO 120
B = 2.55/(1.4SQRT(1,=VLPART)) ¢ 1,22/(1.+SQRT(1.=VBAR®PART))¢1,02

B is the term used to determine displacement due to refraction
as shown on page 56. Variable LOOP has v#lue 0 or 1. 1Integration is
done oﬁce for each value. The integrations are identical except that
LOOP = 0 determines refraction for modulator grid voltage = VLOW and

LOOP = 1 determines refraction for modulator grid voltage = VHI.




PART = Q/ (!smpvzz) VLPART = VLOW-PART (for LOOP = 0)

= VHI*PART (for LOOP = 1)

If VLPART > 1 DO loop continued with next index value since for

Q-VLOW > kmpvzz or Q.VHI > lsmpvz2 there would be no expecte& current.

i Hermite Integration

' This is used for the vy integration. .

1 © 12

A [ e " f£(x)dx'= Zay £(xy)
- k=)

where x; are the zeroes of the Hermit: polynomial for n = 12, w, are

weight factors. The array elements XH(K) equal xy and WH(K) equals Wy

The innermost integral is of the form

© _ L N2
-{o e Y(Vx Vx )m(vx'nvy':vz')dvx' e

for v, = BULKVX. Therefore we let x = %Vx = (v4~Vy')/THERM. Then

%

dvy' =y %dx, this constant appearing in the constant term in page 52.

Xg = XH(I) = -(BULKVX-VX(I))/THERM for VX(1) = vx‘ = integration

variable. Finally,
VX(I) = XH(I)*THERM:+ BULKVX

are the x-components of the velocity used in the integration as in page Sl

Gaussian Integration

and v_ integration.

This is used for vy y
| ' . . i
‘ i 12 : . {
TR E(x)dx = Zwgf(xq) : '
=1 k=1 .
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for Xy the zeroes of Legendre polynomial for n=12. We want to evaluate

v2
functions of the form S f(v)dv where
vl
v2 v2-(vl+v2)/2 (v2-vl)/2
J £(v)dv = [ f(vt(vi+v2)/2)dv = [ f(wvt(vi+v2)/2)dv .
vl vl-(vl+v2)/2 ~(v2-vl)/2
v2
Let x = (v/((v2-v1)/2). Then [ f(v)dv =
vl
12
Xe-vl VI f f(x)dx = ¥(v2-vl) Z w f(x )
i=1

This explains the derivation of integration constants on page 54 .

Calculation of refraction

The refraction of one ion as it passes through the grids causes it to
traverse a horizontal distance 1 that is a function of tangential velocity
and the time of traversal.

D= dl + d2

(::}—1_2 & ,1//, V = grid voltage
...T.._._._ e R s .
I

]
e 1 ——
Let a = acceleration through dl’ and E = electric field.
_QE _ Qv a k" :
8 "m “md 4y Vet * 2L
P pl : 2

Let Vp = /(v; + v; ) = initial tangential proton velocity. Then

m dlvz Qv
-QV/m d, \ Sar- kmp ;))

RN

" e e D St . oo
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Because of time-reversal symmetry, for tz the time to traverse d2’ e

£, =™ 4V, (1 /(1-Qu/ (sm_v3)).
z Tl Vs

Therefore, the total time, t, is

mv D

. g, ¥ty = 72% (1-/(1-qw(’1mpv§)). ; .

The sign is negative so that t = D/vz for V.= 0. Therefore,

S .
msz(l-/(l-QV/‘qmpvz) 2 2D

]

l=v.t =y

s )
T wawa-iame?) v, 1+ Q-Qv/Amv2)

Let B = 2D B il + 1.02

1+v/( 1—Qv/!smpv; ) 1-/(1-q-vBAR/kgpv:) Q
" :

Then 1 = ;2 B. B is shown in the program section on page 54.
z .

BOT = -VZ® (RA+RC)/B .

TOP==80T

ALIM=AMAX] (BOT 4BULKVY=2,5¢THERM)

BLIM=AMIN] (TOP BULKVY+2,3%THERM)

IF(BLIM.LE.ALIM) GO TO 185

AVBE1=0,5% (BLIM=ALIM)

AVAB1=0,5% (BLIM¢ALIM)

D0 25 L=1.12

QT1=VX(L)®VZINV

0T1SQ(L)=QT1¢0T1
C ®e0 X = DISPLACEMENT OF SOLAR WIND IN x OIRECTION DUE TO REFRACTION
c FROM CHARGED GRIDS

X=88QT]

XSO (L) =x®*X

25 CONTINUE

ZPART=ALPHA® (VZ=BULKVZ)®#*2

IF (ZPART.GE.70,) ZPART=70+

PHIZ=VZEXP (=ZPART)

VALUE]1=0.0

The maximum 1 that can produce a current on the plate is 1=(RA+RC). The
velocity corresponding to this displacement has the value BOT for the transverse

=BOT, 5 BoT = ~v,* (RA + RC)/B.

s ®
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v. 1 rati limit
vy nteg on s

Therefore, vy needn't be integrated for vy < BOT or vy < -BOT. Let
TOP = -BOT. Thus ALIM and BLIM are limits of integration for vy since

the value of the distribution function is too low outside of

(BULKVY-2.5THERM < vy < BULKVY+2.5THERM)

* ' which encloses all but 4 x'10—4 of the area. i

E ALIM = maximum of (BOT,BULKVY - 2.STHERM) ,
| BLIM = minimum of (TOP,BULKVY + 2.STHERM) -

| Let A=BULKVY-2.5 THERM and B=BULKVY+2.5 THERM. Possible situations are depicted
as follows:

Only cases (5) and (6) should be avoided, which is accomplished by

IF(BLIM.LE.ALIM) GO TO 185 which writes the values of ALIM and BLIM and sets

. CURR(NCHAN)=0., and proceeds with the program. . '
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AVBEl = .5(BLIM - ALIM) ‘ ]
AVABl = .5(BLIM + ALIM)

These constants of integration are,as explained for vz, used with

4 the Gaussian integration.

The DO 25 loop determines the plasma displacement in the x-direction

at each abscissa (VX(L)) used in integration and places its square in array

1 XsQ(L) : ,
'5 XsQ(L) = ( !§SL1)2BZ since VZINV = v;l on page 54.
| z i
| Function of v integrated : : i
b | z

PHIZ = v, oY (V,~BULKVZY
z

if Y(vz-BULKVZ)zzjo it is set equal to 70. This is to avoid a size 1
error in exponentiation. I%
' t

C ®#e VY,VZ = VELOCITIES IN REFERENCE FRAME OF SPACECRAFT
00 110 u=1,12
VY=AVBE1*XL (J) +AVAB1

0T2=VY*yZInV
QT250=072%QT2 °
C ®#ee Y = OISPLACEMENT OF SOLAR WIND IN Y DIRECTION DUE 7O REFRACTION FROM
c CHARGED GRIDS
Y=8eU72
YySU=Yey
YPART=ALPHA® (VY=BULKVY)#*2
IF (YPART «GE.70,) YPART=70e
PHIYZ=PHIZ®EXP (=YPART)
VALUE2=20.0
j DO 100 K=1,12
| DSQ=XSQ (K) «YSQ
| C ®®e CHECK TO SEE IF TOTAL DISPLACEMENT IS COMPLETELY ON OR OFF COLLECTOR PLATE : |
{ IF (DSQ.GE.BND3)GO TO 100 -
IF (DSQ.LE.aND1)GO TO 40 2 ~ ‘
C ®se DISPLACEMENT DUE TO REFRACTION ‘ 1 |
DIPSE=SQRT (DSQ) i |
INDEX=S|LOPE*DIPSE+B1 ‘

i e M e s S

: I The DO 110 statement starts the second loop that integrates vy.
| The (y-displacement of the plasma image) squared = YSQ for YSQ = (vy/vz)zs2

obtained in the same manner as XSQ(L). | |

The function integrated is obviously a function of v, It is

i
i
|

" & . - 2
PHIYZ = e Y(vz BULKVZ) A y(vy BULKVY)
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. oo 2 4
o PHIYZ = PHiz e ¥(Vy~ BULKVY)® _ puys o YPART

and numerical integration on vy is performed for each value of PHIZ. As f
before, the maximum value of YPART is 70.

The » integration starts at the DO 100 statement each time the loop i

is entered with a different value for YSQ. Each value of XSQ is added to it f]

with each index value of the loop. >
DSQ = XSQ(K) + YSQ .

| Thus, the square of the total displacement is known for each value of Vo
'i The following cases for DSQ are considered:

| I) DSQ >(RC + RA)? e i
" i.e. DSQ 2> BND3

g Loop 1s continued for next value of
e k since no current contribution to integral
II) DSQ < (RC - RA)?

i.e. DSQ < BNDI

INDEX = 1 for area determination

III) (RC - RA)? < DSQ < (RC + RA)Z

The AREA array is used , ' |

DIPSE = /(DSQ). Thus, since INDEX = SLOPE ° DIPSE + Bl at each value of DIPSE 4

to reference AREA value at each displacement. |

The following section completes the triple integration.




GO 70 90

%0 INDEX=1
90 VALUE2 = VALUE2 - WH(K) ®*AREA ( INDEX)

00 CONTINUE
: VALUE] = VALUE1 ¢ WL(J)*PHIYZ®#VALUEZ2 .

110 CONTINUE
VALUE=VALUE+WL (1) *AVBE 1 *AVBE#VALUE]

120 CONTINUE
VALUE=CONST®VALVE
LOOP=LO0OP ]

Statement 90 completes L integration since, as shown on page 55,

0 - -v' =
Le Vv, -v) AREA(v),vi,v}) 4= “}:" w, AREA(VX(K) , VY (J),VZ(I))

for w, = WH(K) and AREA function determined by INDEX. VALUE2 originally

k

set at zero.

VALUEl = VALUE + WL(J) * PHIYZ -VALUE2

' -2 (]
- ;}; ( ‘g WH(K) AREA (INDEX) ) e'Y(W(J)'-Bm'm“e'f("z"’z);z

since VALUE = 0. originally.
VALUE = VALUE + WL(I) ° AVBEl + AVBE * VALUEl

- I(F ( WH(K)AREA(VX(K),VY(J),VZ(D))))

<30 Jol gu 2
e-Y(VZ(I)-BULKVZ)VZ

e-Y(VY(I)-BULKVY)§

.

which 1is the required equation.
To normalize, correct it dimensionally, and take into account
transparency, and elementafy charge:

VALUE = CONST °* VALUE

-3/2

for CONST = (6.45 x 10-4)(.735)(106)QY(YN) as described in page 52.

AVBE]l and AVBE are needed as shown in page 59,




b | .

GO TO(125+130) +LOOP
125 SUMLO=VALUE
IF (VHGRID.GE.VTOP) GO T 180
IL=13
IH=26
G0 -TO 20
130 SUMHI=VALUE
140 CURR(NCHAN) = SUMLO=SUMHI
IF (CURR (NCHAN) ,LT+CURMAX) GO TO 47
CURMAX=CURR (NCHAN)
47 CONTINUE
IF (NCHAN.EQ.26) GO TO S0
IF (CURR (NCHAN) (LT+CURMAX*+0001) GO T 49 oy
48 NCHAN = NCHAN + 1
45 MN=NCHAN<1
00 51 1J=MN,25
51 CURR(1J)=0,0
NCHAN=26
GO 10 77

LOOP = LOOP + 1 changes LOOP = O to LOOP = 1 or LOOP = 1 to LOOP = 2 ,

Then, if LOOP = 1 goes to 125. For LOOP = 2 goes to 130 since both

integrations are completed.

LOoP =1

Integration (1) and (2) ( page 53) just performed with VLPART =
VLOW+PART from which the refraction is calculated for VLOW.

Thusly, integration (1) is finished since no particles enter grids with w
velocity less than VZIH when grid voltage = VHI. k
Integration (2) must be performed again to subtract DC current at
voltage = VHI from DC current at VLOW to determine the modulatiqn resulting

from réfractiou.
If VHGRID VTOP there is no need to perform integration this second
time since too few protons will enter with velocity greater than VZIH.
For second integration IL=13 ana IH= 24 are lower and upper limits
of the index. After these are set program goes to line 20 which starts

v, integration DO loop.

SOUMLO = VALUE for LOOP = 1.
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LOOP = 2
Integration performed with VLPART = VHI.PART. Then finally
CURR(NCH@N) = SUMLO - SUMHI since we wish to subtract the results

from each integration.

CURMAX has the value of the CURR(NCHAN) which is greatest for NCHAN
;% from 2 fo its present value. : | »
>j If NCHAN = 26 then it goes to 50 where the'last step of the program
fi is to calculate the 26 data numbers. If not it goes to 77 and sets up

the next integration.

If CURR(NCHAN) < ,0001 CURMAX set all remaining CURR(NCHAN) to zero

since all these currents will eventually cofrespond to the datanumber FF

Control is transferred to statement 50 after all 26 CURR(NCHAN) are

calculated.

The DO 57 loop determines the datanumbers, DN, for NCHAN = 2 to 26,
the 24 contiguous positive ion channels and one large channel).

The DN array is printed first in decimal notation and secondly in !ﬂ
hexadecimal notation. The input parameters are printed. Day, hour, and

DN are punched on cards to enable the WIND2 program to make a check on this

program.




C #*#* CALCULATION FOLLOWS FOR DATA NUMBERS
50 DN(1)=ICOUNT
DU 57 I=2,26
IF (CURR(I) .LE.6.94E-13) GO TO 54
DN(I)=255.0+ALOG*C1/CURR (I)) /ALOG(C2)
GO TO 57
54 DN(I)=255
57 CONTINUE
WRITE (6,1070) DN
WRITE (6,1007) DN
1070 FORMAT (1HO,9X,I3,2X,24(I3,1X),1X,13)
1007 FORMAT (1H ,10X,22,3X,24(22,2X) ,1X,22)
WRITE (6,1000) DAY, HOUR, NBULK, DEN, NTHERM, BETA
1000 FORMAT(1H ,I3,1X,I5,4F6.1)
WRITE (9, 1025) DAY, HOUR, DN
1025 FORMAT (I4,14,1X,3322)
Go TO 7
185 WRITE(6,1080) BLIM,ALIM
1C80 FORMAT (' BLIM LE ALIM ',2E12.3)
170 SUMLO=0.0
4 180 SUMHI=0.0
; GO TO 140
) 7777 WRITE(6.1050)
{ 1050 FORMAT (12HONORMAL EXIT)
! STOP
END
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1 6O T0 189
£ 2 RETUN
& : yw?awwmmummmmumm)
8 FR INT *_ input kappa : °f
9 IKPUT K8(J)

10 RETURH
12 PRINT "_ ht factor ¢ *}
13 IKPUT HB(J,K6)

4 RETURN
i e ERIHT =~ LIST DATA FRON FILE & *)
' 17 15207 W
18 FIHD L)
19 GO 10 83

i . . 20 Ké=1
f 21 GO 70 2180
i : 24 08=1
25 RETURN : ! .
28 PRINT “_ input new scale : *} i

i : 29 IKFUT § : |
H 38 FETURN ; s ;

Le=2

33 &0 10 77
36 L8=0

3? RETUSH

8 D7=9 ; : }
41 G0 10 109 . e |
44 FRINT *_ {nput den ¢ °% - . : {
45 It'UT NIC¢J) dae i3

x 48 PRIH? * input w. ¢ °} . I
4 49 15707 KG¢) o Sy :

82 FRINT *_ input bulk vz : *) i) I
] quurNur<J) R o |

o sg go 10 1010
' 61 ¢ TO 2170
64 D

63 RETU“H
65 GO 10 438

?3 ggf&r:- @ £ |
& nchan )-' . : i
71 IMPUT 28 '
72 60 10 548
?3 GO 1O 1543
76 GO 10 1549
| ¢ . . 7?7 D7={
| ) ) 79 GO IO 480

81 GO 70 488
82 GO 10 1¢2
35 ;HPUT 933'ﬁ8.ﬂ9v".ﬂ€."7

87 PRINT M3* (i S e z
88 PRINT M6 B s B |
89 PRINT W7 AR x A :
93 FCR I=1 70 24 - ‘
91 INPUT $3I2M - o i o |
92 PRINT * "N . . : |
93 NEXT I = :

94 FCR I=1 TO {1 :

95 INPUT @33N - n, ST e

96 PRINT M S : , 35 i
97 MEXT 1 : : e s

98 GO 10 S0 FRETa ey ‘
188 PRINT *_ IMPUT SPECTRUN WOUR ¢ *3 ~ =~ =~ i
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110 !HPUT ll
120 J
138 J
149 tr LZ(J)-H THEN 520
156 IF JCN? THZN 139
160 PRINT *"_ SFECTRUM NOT FOUND® el 2
170 RETURN ~ :
189 DIN F<24.15).07(15).uacns>.xe<xs).ue<15.2>.u1<1s>.aa<1s>.
: 199 DIR U(Z4).Ll(16) L2¢16) :
| 200 Ho=1
! " 218 FGR K=1 TO 24
i . 228 READ u<x> e
| 235 NEXT K TED :
1 248 DATA 0.167,9.189,80,239,8.227,0,243,8.259,8.273,8.287 Son
1 2moreom&uzonm3wesmen9m 47,8.473
| ; 268 DATA O. 497.9 52.0.543.0.565.0.596.0 626,0. 626.0.645
i 276 FOR I=1 T0 1
3 280 U?(1)=9
4 290 NEXT I
Bl 3C9 D2=08
Bi 310 N7=08
| 320 S=1
b gzo se-?
350 DELETE 11
' : 360 PAGE
| 370 HIHUOd 8,25,0,33
: gga UXEkPO?T ’a,lze.ze.tea = L
409 PR!HT *G READY _. DATA COMPARISON. Pnocaan-_ N
419 RETURH e
423 K=0
430 KsK+1 ]
448 IF KON? THEN 478
458 IF KOH6 THEN 474 - o b Do
460 IF N2(K)X)L2(J) THEN 430 ke e
. 478 GO TO 639 . 3 R
480 FRIKT *_ INPUT SPECTRUM INDEX : *§
452 INPUT J R e
563 PAGE
518 D71
528 PAGE
‘ 520 GO TO 580
! 540 W2=(1463, 78U(223-E)12/042
; : 553 r1=<<1+x/c>/<1+ua/c,>1cxlsfo
1 s 560 us F(ZB.J)-FI

578
588 UIERPORT 38, 139,20, 160
598 IF Le=0 THEN 628

620 QXIS 2.137,0
636 H

1=
640 FOR 1=1 T0 24
« 658 IF L8=2 THEW 689 .
, 6€8 %=303U(1)

‘ 678 GO 10 652
660 ¥2202LCT(301UC1))-10
699 IF $3=0 THEN 748
700 F1=F(l,J)~F1-US
710 IF F10 THEN 760

720

720 GO TO 859

740 F1=F(1,J)

750 Y=4,53S5F1

760 1F L0=8 TEEN 760
770 Y=6XLGT(F1)+21
768 IF D7=1 THEN 840
793 MOVE X

809 RHOUE °O.l3n'9.43

-76-




810 IF Y<O THEN 870
820 PRINT *+°
‘ 830 GO 10 879
& 840 IF 151 THEN 860 . e
‘ {:} : 858 MOVE X,Y e : b e T
860 DRAY X,Y e Gt el R R,
€70 NEXT I T s L ke S
838 $0=0 - : T e Sy LB
899 IF LO<>1 THEN 1399 : - . el
938 IF D6=8 THEH 1258 -
913 FOR I=1 TO 24
. 920 Rz=1=11
938 R3=1>11
948 R1=14R2+23R3
958 MOVE 303UCI),65LGT(O.0B69396166/R1)+21
968 RIOVE -8.13,-8.45
a : : 928 PRINT °-
‘ 868 HEXT 1
‘ 998 GO TO 1398
1830 RETURN i
1618 PRINT *__ RETRIEVE DATA FROM FILE & °;
1023 J=1 : b
1833 INPUT NS .
1649 FILD HA ,
1658 PRINT * sranr WITH SPECTRUM DAY HOUR: 3 - : S
1060 1KPUT MO, M e Ry S
1670 PRINT * LGST SPECTRUN AT DAY uoua- -; | o TR PR e ;
1983 INPUT 01,02 % SRR Rt Rl :
1098 THPUT €33:L9,L7 i s, e T
1183 L3=19+415¢C
1110 THPUT €32:L1¢J),L2¢J)
1126 IF L1¢J3<HD THEN 1150 . ] e i |
£133 IF L2¢2)<H1 THEN 1150 LT R R e T SR e 14
1143 GO TO 1266 _ : B el H
1153 FCR 1=1 T0 33 Faat e e g
1168 INPUT @33:K? ! . ; . 4
1170 HENT 1 , ] : e i i
‘ 1188 GO YO {110 % * LR
1188 I8°UT 033 Ll(J).LZ(J) 4, : L oo ;
1208 1N2UT 023 5 - S 4
1210 FOR I=i TO 24 . - "7 . R ;
1220 INHFUT @33:K7
1230 R2=1=11
1243 R3=1>11
1250 R1=1+R2+2R3
1260 F(I,J)=€3. 851238, 9645951K7/R1
1276 BEXT I ‘
1288 FOR I=1 T0 8
ISPUT @33:K7
1309 NEXT I
1218 J=J41
1328 IF JX16 THEN 1358
1320 IF L1¢J~1)<01 THEN 1198
1348 IF L2¢J-1)<02 THEN 1138
1356 H7=J-1
13€0 R3=CHR(ES+L?) ;
1378 PRINT "_ DATA RETRIEVED GFROM FILE & *jNO 4 ,
1368 RETURN A o L
1399 HONE : et CUBCEEL Sl Sl g
1468 PRINT *__",L9 : T e D N
1416 PRINT *“Sofrad 11°;08 . ks T M S
1428 PRINT L1¢H3L2(J) g AT |
1428 PRINT * INDEX = "3J : i S R L
1448 IF L0=0 THEN 1490
1452 IF Le=1 THEN 1480
; : 1468 PRINT "_ Log-log plot”
1478 GO 70 1390
1488 PRINT *_ Semi-log Plot® _ : S e :
1498 IF S=1 THZK 1510 Tt gl R ;
1568 PRINT * scale = *3S g Tty o CA S :

s e
[
n
w
(o~
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1510 HOME
, { 1520 LO=1{
: : 1530 RETUSN

. 1548 PACE
O 1559 Le-t

569 K=1
15?8 FCR ¥6=3 10 99 STEP 33
; 1560 FOR Y0=3 TO ?5 STEP 2§
i 1590 VIELCCORT 80.79430.75-79.95-Y0
1600 L=L+1
- 1618 IF L>8 THEN 1728
. 1628 PRINT *__ Solrad 11°308
1630 PRINT ° *sLs
1640 FRINT - *iLi(1)
1650 IF La-e THEN 1689 .
i . 1660 PRINT Y_ Seai-loy plot®
{ 1670 GO TO 2323 :
{ 1680 IF S=1 ThEN 20288
1690 FRINT * scal¢ = g
1760 PRINT S
1716 GO 7O 2C39
17208 IF LoN7 THEN 2880
1738 IF Le8=0 THEN 1760
1748 ARIS 2.137,
1750 GO 70 1773
1760 AXIS 2.137,0 -
1778 MOUE 15,25
1788 FRINT L2¢L)
i 1758 Hi=t
{ 1628 FOR I=1 10 24
‘ 1810 IF LB=2 THEN 1840
H 1820 k-7‘“U(l;
1838 GO 10 1
. 1840 X=28: LGT(oBtU(l)) 10
1858 Fi=F(1,L>
1860 Y=4,5:53F1
1876 IF LC=3 THEN 1853
] 1883 Y=6:LGT(F1)+2]
1 ’ 1898 IF D7=1 TN 1940
1908 IF Y4@ THEM 19786
] 1916 HOUS X,Y
4 1928 RLCRAN 0,0
i 1933 G0 10 1970
: 1940 IF I)! $nEN 1968

1950 IF L8<>1 THEN 2088

2628 IF D8=3 THEN 2088

2819 FOR I=1 T0 24

2028 R2=I=]1 )

202 R3=I>{1

2040 R1=1+R2+23R3 . pulf . ,

2859 HOUE 3930(I).63LGT(0.9959396165/R1)’Zl . SNt & 0w

2660 RDRAN 8,0 ? E e

2678 KEXT I

2683 HEAT YB

2998 NEXT RO

2166 Hﬂu-

2110 FRINT 'G'

2128 RETURN

2139 IKPUT 28

2148 U2=(1403. 730(29)-8)?2/072 &

2159 Fl‘((l#l/C)/(l¢H2/C))7C*10?D “ o,

2166 U9=F (28,J)~F1 ' $ %

2178 C=K8¢J) "R IEARL

2189 B=U2(M < - o .

2198 a=1ad i R o e S o
. 2200 D=HB8(J,K0) A : AL ot
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! ‘ 2218 H=Ni()) L oo o Ak : oo a i
’ 2220 L=8 . : TR e e '
‘ 2230 U1=(B-3,1%A)/46.794
: 2240 U2=(B+3,15A)746,794 -
2258 IF K0=1 THEN 2318 -
22¢0 Ul=Uy
2270 U2=\2
2288 IF U1)>S THEN 2310
2298 U1=5
2298 U2= o - , :
3 2310 FGR X=U1 TO U2 STEP 0.2 : : ot A »
‘ 2328 h2=(46.7543%-B)42/A12 Rl . AT e
2320 IF KE=2 THEN 2360 = ko S S o ;<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>